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[57)  ABSTRACT

A digital color encoder for a television camera in which
during digitally modulating a carrier of 3f;. (f;cis a color
subcarrier frequency) with a digital color signal which
is obtained by sampling input video information data at
a sampling pulse rate having a frequency of 3(n/m)f;.
(with m and n being relatively small integers) at N line
the digital color signal is amplitude modulated by 3-

-phase modulation vectors each having a phase differ-

ence of 7 from each other so as to produce a digitally
modulated color signal. At N-+1 line, the digital color
signal 1s amplitude modulated by the 3-phase modula-
tion vectors each having a phase opposite to that at the
N lhine so as to produce an output of N4 1 line which is
then phase inverted to provide a digital modulated
color signal. Thus, a digital color television signal with

color phase having the standard television signal format
is obtained.

6 Claims, 13 Drawing Figures
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1
DIGITAL COLOR ENCODER

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a digital color encoder for
use in color television equipment using a solid stage
image pickup such as a charge coupled device.

2. Description of the Prior Art

In the case where image pickup .outputs obtained
from, for example, a charge coupled device (CCD) are
digitally processed to produce a digital color television
signal and a rate of three times the color subcarrier
frequency f; is selected during the modulation process
of the digital color signal and the digital modulated
color signal corresponding to a chrominance signal is
produced in the following process.

In other words, the dlgltal modulated color signal is
composed of three vectors a, b and T having phase
differences of %7 from each other as illustrated in FIG.
1A. Therefore, the red, green and blue primary color
mgnals R, G and B are digitally processed so as to have
absolute values of vectors such as U, ((\/_/ 3/2)V —31),
and (—(V3/2)V—3U) as illustrated. Thereafter, they
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are sequentially switched every ifs, which 1s the pro-

cessing rate of the color encoder to convert the respec-
tive vector components to time series mode. Thus, the
digital color signal is amplitude modulated with three
phase modulating vectors to produce a desired digital
modulated color signal.

The picture elements of the CCD used as the solid
state image pickup device are normally arranged lin-
early in the vertical direction. When a signal of 3f;. (in
general, n/m X 3f;; where m and n are relatively small
integers) is used as the sampling signal supplied to the
CCD, since this frequency is selected to be an odd num-
ber times as great as 4fy (fg is a horizontal frequency),
or selected to be 3f:=3X(455/2)fH, a 4 offset occurs
between horizontal lines. Accordingly, if the sampling
signal is a continuous wave the relationship between the
picture elements and the phase of the sampling pulses is
as shown in FIGS. 2A and 2B. The phase of the sam-
pling pulses can be defined as the phase of the read-out
clock of the picture signals projected on the picture
elements of the CCD chip.

If the relative relation between the picture elements P
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and the samphng pulses S, at, for example, N line is as

illustrated in FIGS. 2A and 2B, the relative positional
relation between the picture elements p and the sam-
pling pulses S, at N+ 1 line will be shifted by 7. Thus,
- with this relative positional relationship, it is impossible
for the information of the picture elements at N+4-1 line
to be sampled to produce a normal video signal. As a
result, it is desirable that the sampling pulses supplied to
‘the respective picture elements of the CCD be reset at
every other line so that the sampling phases are in-phase
with the picture element arrangement even at N+ 1 line
(FIG. 2C). In other words, it is also desirable that at N
hine and at N4-1 line, the phase of the sampling pulses
S, be arranged to always appear at the relative positions
of the respective picture elements 1, 2, 3. . ..

FIG. 3 is a view illustrating the relative positional
relationship among picture elements p of CCD chip 1;
the sampling carrier ¢ having a frequency of 3f;.and the
sampling point s. It can be observed that at N line and at
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N+1 line, the position of the sampling point or the

2

sampling timing s is changed so that at N4-1 line the
picture of each element will not be picked up.

In the case of sampling the information of the picture
elements with phases of sampling pulses which are coin-
cidence between the N and N1 lines using the reset-
ting operation discussed above as shown in FIG. 2C,
when the sampling phase at, for example, N line coin-
cides with the phase of the modulating color vector
shown by the solid line in FIG. 1B, since at N+ 1, the
sampling phase is shifted by 7 relative to the continuous
phase of the N line, the phase of the modulating vector
at that time will become opposite and the continuity of
the sampling phase disappears as is illustrated in FIG.
1B by broken lines. In this case, it can be observed that
the phases of the sampling signals of the picture ele-
ments at N line and at N+1 line coincide with each
other between the respective lines but the continuity of
the sampling signals between the respective lines, is
inverted by 180°. Accordingly, the phase of the chroma
signal modulated by the sampling carrier illustrated in

FIG. 2C is different from the phase mode of the color

subcarrier signal which is the ideal sampling mode of
the NTSC television system so that the desired digital
modulated color signal cannot be obtained under the
above conditions.

FIGS. 2D and 2G respectively correspond to FIGS.
2C and 2F and show the chroma phase of adjacent
horizontal lines in the case when it is assumed that the
chroma phase of the same picture elements is 0°. It can
be observed that the phase relationship illustrated in
FIG. 2G 1s a so-called offset carrier of 0° and 180° of the
NTSC space TV signal. |

SUMMARY OF THE INVENTION

It 1s an object of this invention that even though the
phases of the sampling pulses at the different lines
changes or is made in phase accordance to the method
of arranging the picture elements, a predetermined digi-
tal modulation output can be obtained.

It is an object of this invention to provide a digital
color encoder suitable for a solid state color television
camera using CCD chips.

In detail, when a carrier having a frequency of three
times the color subcarrier is modulated by a digital
chroma signal and then added to a digital luminance
signal, such addition is made after the modulated sub-
carrier has the phase mode of the NTSC chroma sub-
carrier.

Thus, it'1s another object of this invention to provide
a digital color television camera in which a CCD chip is
driven by a signal having a phase corresponding to the
position of each picture element of the CCD chip, that

is, the phase of the sampling signal supplied to the CCD

chip is always the same at respective lines (N, N1,
N-+2...), and after the digital color signal is modu-
lated with the three phase modulating axes in synchro-
nism with the phase of the sampling signal applied to the
CCD, the phase of the modulation color signal is in-
verted by 180° at every other horizontal line interval so
as to obtain a signal having the modulating color phase
of the NTSC signal.

The above and other objects and features and advan-
tages of the invention will become apparent from the
following description when read in view of the accom-
panying drawings in which:
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BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are plots illustrating 3-phase modu-
lating vectors;

FIGS. 2A through 2G are plots illustrating the rela-
tionship between the picture elements and the phase of
the sampling pulses; -

FIG. 3 1s a view showing the relative positional rela-
tionship among the picture elements, the sampling car-
rier and the sampling point on the CCD chip;

FIG. 4 1s a block diagram illustrating one example of
a digital color encoder according to this invention;

FIG. § illustrates another example of the main por-
tion of the invention; and

FIG. 6 1s a plot illustrating the 3-phase modulating
vectors. |

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 4 illustrates an embodiment of the invention
wherein a 3-chip type color television operates at a 3f5,,-
sampling rate.

As shown in FIG. 4, the green, red and blue primary
color signals G, R and B are derived from the pickup
devices such as CCDs 1, 2 and 3 and the outputs are
respectively supplied to analog to digital converters 4, 5
and 6 where the signals are converted to coded digital
color signals. The digital color signals are then supplied
to processing circuits 7, 8 and 9 where they are sub-
jected to various processes such as the vy-correction,
white clip and so forth. The processed digital color
signals are then supplied to weighting circuits 11, 12 and
13 each of which is comprised of a multiplier where
they are subjected to the weighting process required for
the NTSC system. Then the signals are fed to a matrix
or mixer 14 to produce a digital luminance signal Y.

The digital luminance signal Y is supplied to a low
pass filter 15 where it is band-limited. The red and blue
digital color signals are also band-limited by low-pass
filters 16 and 17 which are connected to the output of
the process amplifiers 8 and 9. The signals from the
low-pass filters 15 and 16 are applied to a subtractor 18
sO as to derive a digital red color difference signal
(R—Y)., and the signals from the low-pass filters 15
and 17 are applied to another subtractor 19 to derive a
digital blue color difference signal (B—Y)..

A signal obtained by multiplying the digital color
difference signal (R —Y)z by a compression coefficient
of 1/1.14 is taken as the V-axis signal and a signal ob-
tained by multiplying the digital color difference signal
(B—Y)r by the compression coefficient of 1/2.03 is
taken as the U-axis signal. These V-axis and U-axis
signals are converted to components on the modulation
axes having a phase difference of 7 between adjacent
signals as shown in FIG. 1A so as to form a digital
modulation output.

In FIG. 1A, a modulation vector 3'is aligned with the
U-axis which is taken as the reference axis. Three-phase
modulation vectors a, b and ¢ and each indicating abso-
lute values have a phase difference of %7 between adja-
cent vectors and can be expressed by using the V-axis
and the U-axis signals as follows:

(1)

(2)
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-continued

3)
N3

2

—
C—l

V — s U

As a resﬁlt, a digital color modulating circuit 20 such as
shown In FIG. 4, results in which the three-phase mod-
ulation vectors are amplitude modulated by the digital

color difference signals (R —Y);z and (B—Y)r, to obtain

a digital modulated color signal.

In the modulating circuit 20, a coefficient circuit 21 is
utilized for obtaining a signal component (V'3/2)V on
the V axis and receives the output of the subtractor 18.
A coefficient circuit 22 for obtaining a U-axis signal
receives the output of the subtractor 19 and a coefficient
circuit 23 receives the output of the circuit 22 and ob-
tains a signal component of 2 U on the U-axis. The
signal components (\/_/ 3/2)V and 2 U on the V-axis and
the U-axis are respectively supphed to subtractors 24
and 25 so as to derive a digital primary color s:gnal
component Sprelating to the modulation vector b and 2
signal component Sc relating to the modulation vector
c respectively. A digital primary color signal compo-
nent Sa relating to the modulation vector a is the output
of the coefficient circuit 22. Each of the signal compo-
nents Sa, Sb and Sc have amplitude components only
and no phase components.

- The signal components Sa, Sb and Sc are sequentially

switched with a switching circuit 27 which has a period
of 3f;. to form a signal having a time series of 3f;.. This
time series signal is a digital modulated color signal. A

switching pulse Fsp is a 2-bit pulse modulated from a
ternary counter 28 which receives a clock signal of 3f;,

and controls the switching circuit 27. The counter 28 is
reset by a horizontal synchronizing signal H-SYNC.
Resetting the counter 28 with the signal H-SYNC is
done so as to match the phase of the switching pulse
Fsw withe the phase of a sampling pulse Sp which is
used to sample signals from the charge coupled devices
1, 2 and 3. |

Another ternary counter 44 provides an output in
synchronism with the output of the counter 28. The
output pulse F'sp-of the counter 44 1s applied to a digital
signal producing system 43 for example, which has a
sampling frequency of 3fg to drive the CCDs 1, 2 and 3
and the analog to digital converters 4, 5 and 6. Thus,
when this system 43 does not have a sampling rate of
3fse, the clock signal F'sw is applied to it.

If the phase of the switching pulse Fspis matched to
the phase of the sampling pulse, the phase of the modu-
lation vector at even numbered lines (N) is inverted
relative to the phase of the modulation vector at odd
numbered lines (N 1) and the phase of the time series
signal after the switching process will also be inverted
between adjacent lines. Thus, so as to coincide with the
phase of the color subcarner of the standard television
signal, the time series signal is supplied to a phase in-
verter 30 to perform phase inversion at every horizontal
period (1H). The phase inverter 30 is composed of a
multiplier and supplied with a pulse F;,;, which is shown
in FIG. 2E of a period of 2H which is obtained by
dividing the frequency of horizontal synchronizing
signal H-SYNC by 3 with a counter 31.

The time series signal subjected to the above phase
processing results in a digital modulated color signal as
1s desired.
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In FIG. 4, a horizontal blanking gate circuit 32 re-
ceives the output of the switching circuit 27 and
_ supplies an output to an adder 34. A sync generator 33
generates a burst signal Fpy and a composite synchro-
nizing signal Fg;,, and supplies an input to the adder 34
which mixes the above listed two signals. An aperture
correcting circuit 40 receives the luminance signal Y
and supplies it to a delay circuit 41 which corrects the
phase of the luminance signal so that it matches the
chroma signal. The digital luminance signal Y is added
to the digital modulated color signal in mixer 42 so as to
obtain the standard color television signal.

In the above described embodiment, the carrier is
modulated by the color difference signals. FIG. 5 illus-
trates an embodiment, however, where a primary color
signal is used to modulate the carrier. It is to be realized,
of course, that the other color signal may be used as
well. The primary color modulating system of the type
illustrated in FIG. 5 is effective when the color differ-
ence signals such as R—Y, B—Y and such signals are
difficult to obtain. FIG. 5§ shows a signal processing
system using the red signal R and FIG. 6 illustrates the
phase relationship of modulation vectors corresponding
to FIG. 1B. A circuit S0 receives the output of process-
ing amplifier 8 and multiplies it with a predetermined
coefficient and supplies an output to switching circuit
27 as well as to another circuit 51 which multiplies its
input with a coefficient —3. The circuit 51 supplies
outputs to the switching circuit 27'. The switching cir-
cuit 27’ 1s driven by the counter 28. In this embodiment,
the phase invention is carried out at every 1H.

As described according to the invention, even though
the phase relationship between the sampling pulses at
the respective lines is changed according due to the
picture element arrangement, a predetermined digital
modulated color signal can be produced.

In the embodiments described above, the description
was based on the example where the frequency of the
sampling pulse is 3f;.. However, in the case where m

10

15

20

25

30

35

does not equal 1 and n does not equal 1, a sampling rate

converting circuit is provided to convert n/m X 3f. to
3 so that the signal processing can be carried out with
the above described circuits. The number of charge
coupled devices that are used is also optional. In addi-
tion, the primary color signals of red, green and blue R,
G and B are denived from the charge coupled devices 1,

2 and 3. However, this invention can also be utilized.

with a color television camera in which the signals of
complementary colors as, for example, yellow, magenta
and cyan are utilized.

Although the invention has been described with re-
spect to preferred embodiments, it is not to be so limited
as changes and modifications can be made which are
within the full intended scope of the invention as deé-
fined by the appended claims.

We claim as our invention:

1. A digital color encoder for producing a digital
color signal having a predetermined color phase, com-
prising:

a. a digital signal producing means for delivering

digital primary color signal components which
have been sampled at a 3.(n/m)-fs. sampling rate,
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where fg 1s the color subcarrier frequency and n
and m are small integers,

. a digital color modulating circuit in which a carrier
signal at 3f;. 1s individually modulated with said
digital primary color signal components at a first
¢ offset carrier phase at N horizontal lines and a
second §7 offset carrier phase at N+1 horizontal
lines, where N is an integer, said first and second
carrier phases having opposite phase relationship
to each other,

c. a signal inverter for phase inverting the output of
said digital color modulating circuit during every
one horizontal line interval, and

d. a drive signal generator for driving said digital
color modulating circuit and said digital signal
producing means, and the outputs of said drive
signal generator being synchronized with each
other.

2. A digital color encoder according to claim 1,
wherein said encoder further comprises a matrix circuit
for producing a digital luminance signal by mixing the
output signals of said digital signal producing means,
and a digital mixer for mixing said digital luminance
signal and the output signal of said inverter so that a
composite digital color signal is obtained.

3. A digital color encoder according to claim 2,
wherein said encoder has level adjusting circuits corre-
sponding to the color components to be obtained with
gains equal to the predetermined color signal ratio at
the output terminal of said color modulating circuit.

4. A digital color encoder according to claim 3,
wherein n and m are both 1 so that said signal producing
means 1s driven by an output clock at a 3f;. sampling
rate.

5. A digttal color encoder according to claim 4,
wherein said digital signal producing means has solid
state image pickup means for reproducing primary
color signals and an analog-to-digital converters for
converting said reproduced analog primary color sig-
nals to digital color signal components.

6. A digital color television camera including a digital
color encoder for producing a digital color signal hav-
ing a predetermined color phase, comprising:

a. solid state image pickup means for reproducing a

primary color signal,

b. analog-to-digital converters for converting said
reproduced primary color signal to digital color
signal components,

c. a digital color modulating circuit in which a carrier
signal at 3fs is individually modulated with said
digital color signal components at a first &7 offset
carrier phase at N horizontal lines and a second 47
offset carrier phase at N+ 1 horizontal lines, where
N is an integer and said first and second carrier
phases having opposite phase relationship to each
other,

d. a signal inverter for phase-inverting the output of
said digital color modulating circuit during every
one horizontal line interval, and

e. a drive signal generator for driving said digital
color modulating circuit, said solid state image -
pickup means and analog-to-digital converter and
the outputs of said drive signal generator being

synchronized with each other.
% i T o
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